Abstract-In the last few years Electronic Noses (ENs) have been revealed to be a very effective and fast tool for monitoring the microbiological spoilage and food quality control. European regulations report the maximum concentration of mycotoxins permitted in green coffee beans. The aim of this study was to test the ability of a novel EN, equipped with an array of MOX gas sensors based on thin films as well as nanowires, to early detect mold contaminations from Aspergillus spp., in cooperation with classical microbiological and chemical techniques like Gas Chromatography coupled with Mass Spectroscopy with SPME technique. In general the selection of the green coffee is controlled by visual inspection of shape, color and size. However, this process in often not enough to prevent the entrance in the food chains of contaminated products. We have demonstrated that the novel EN is able to early detect the qualitative and quantitative differences between contaminate and uncontaminated samples. Achieved results vividly recommend the use of our EN as a quality control tool in coffee producer industry.
INTRODUCTION
All the coffee, produced and consumed, belongs to the genus Coffea, which highlights primarily two species: C. arabica and C. canephora. Those species usually grow in the equatorial zone, where the conditions of humidity, temperature, wind, rains and altitude allow the harvest of many different varieties, each one with particular requirements. According with the provenance area, the harvesting and processing methods change depending on the zone. Most of the producers are developing countries, so the storage conditions and the methods used for harvesting and transport of green coffee depend on the production country, but anyway can be easily contaminated by mold throughout the working process (food-chain). Usually the contamination occurs due to molds belonging to the genus Aspergillus [1] . Green coffee beans are stored for months until it pass to the next step in the production chain, named roasting process. During this time, as long as the raw material is at the correct temperature and humidity, the mold is able to Aspergillus species are called aflatoxins, produced by A.niger and A. flavus. Ochratoxins A (OTA) are normally produced by A. ochraceus, A. carbonarius, and some strains of A. niger [2] [3] . This kind of metabolites carries a big risk for consumer's health due to the strong carcinogenic action and big toxicity for the kidneys and liver. The presence of aflatoxins and ochratoxins was discover between the early 1960's and late 1970's [4] [5] . A little time later European Union (EU) started a program to set the regulations of the presence of this toxics in foodstuffs. This regulation specifies the maximum allowed concentration of OTA as 5 parts per billion (ppb) in green coffee beans. It has been documented that the roasting process reduces the presence of this substances, but only in a little amount due to the thermal stability of the molecule [6] [7] . The real challenge is to avoid the entrance of contaminated products in the processing chain. The selection of the raw material occurs in the early stages of the processing chain by visual inspection. The parameters that determinate the quality of green coffee beans are shape, color, and size. Frequently the raw material is already contaminated when this selection occurs, and thus the detection of the contamination became very difficult. Nowadays the EU advises to use chromatographic and fluorimetric techniques to reveal the presence of the mycotoxins in food stuffs. Unfortunately this is an backevaluation that doesn't prevent the presence of contaminated green coffee beans in the industry. An early identification of contaminated products will preserve the consumer health and prevent economic losses. One possible way to overcome this limitation is the use of electronic nose (EN) that in the last years has proven to be an effective, rapid and useful tool for the detection of early contamination in food matrix [8] .
This instrument performs the analysis of the volatile, organic or inorganic, compounds present in the head space created in this case by different contamination in green coffee [9] . In this work we used the EN EOS835 (SACMI IMOLA scarl, Imola, Italy) equipped with a thermally controlled sensor chamber of 20 ml internal volume. We removed the original sensors and placed six new custom gas sensors instead. All sensors were Metal Oxide Semiconductor based; four of them were prepared by RGTO thin film technique, while the other two were prepared using the nanowire technology [10] described further below. The EN was provided with the auto-sampler headspace system HT200 (HTA srl, Brescia, Italy), supporting a 40 loading sites carousel and a shaking oven to equilibrate the sample headspace. During their growth, the aspergilla create a big amount of metabolites, mostly volatiles, organic or inorganic compounds. The assay made by EN, based on the analysis of the head space, is able to reveal the presence of these metabolites, making evident the difference between contaminated and uncontaminated samples and different type of contamination. The goal of this study is the setting up of a new approach for the detection of mold contamination in the early stages of the coffee production chain, based on the cooperation between innovative instruments like EN equipped with NWs gas sensors a n d standard techniques, like GC-MS coupled with standard microbiology.
II. MATERIALS AND METHODS

A. Preparation of Gas Sensors with Metal Oxide NWs
Nanowires of metal oxides were prepared using the technique of evaporation-condensation, which exploits the vapor phasesolid (VS) and vapor-liquid-solid (VLS) growth mechanisms. The experimental set-up for the deposition of metal oxides consisted in an alumina tubular furnace capable of reaching high temperatures (1500° C). This high temperature was required to enable the decomposition of the oxide and to promote evaporation. The temperature gradient within the furnace and the low pressure in an inert atmosphere allowed condensation and nucleation of the nanostructures [11] . The pressure, the thermal gradient and the gas flow must be strictly controlled in order to ensure the reproducibility of the samples among different depositions. During the transient to reach the evaporation temperature and to return back to room temperature, the inert gas flow was maintained in the opposite direction (from the substrate towards the dust), to prevent unwanted condensation on the substrate. The temperature of the tubular furnace for zinc oxide was maintained at 1200 ° C, and the oxide powder was placed in the center of the furnace, where the temperature was the highest. Alumina 2x2mm substrates were catalyzed with platinum prior to the introduction into the oven. The deposition parameters for the catalyst (deposited by sputtering) were: DC sputtering mode, 50W power and deposition time 2 s. Subsequently, the substrates were placed on a sample holder and inserted in a lateral zone of the furnace, where the temperature was lower (570 °C). The pressure was decreased to 1 mbar. A 100sccm flow of argon was introduced into the chamber, while a pressure controller maintained the pressure at 10mbar. The substrates were maintained at a temperature of about 570 °C for 5 minutes and then brought back to room temperature. [12] . A titanium-tungsten alloy was used to deposit the soldering pads on alumina substrates, via DC magnetron sputtering (70W argon plasma, 300 °C, 5.5x10 -3 mbar). Afterwards, platinum interdigited contacts were deposited using the same sputtering technique. A platinum heater was deposited on the backside, in order to either heat the sensors or control the operation temperature of the sensing material. For the microbiological analysis Petri dishes were prepared. Different kinds of green coffee bean were selected according with the provenance: Honduras, Indonesia and India. In the case of GC-MS-SPME and EN analysis, 5 ml of medium were placed into sterile 20 ml chromatographic vial and let it solidify. After the solidification, three green coffee beans of every different chosen typology were placed separately inside the vial, covered with an aluminum crimp and then coated with PTFE/silicone septum without crimping. The ensemble was covered with aluminum foil in order to keep vial and cap together, to maintain the inside sterility and at the same time provide the aerobic condition for the mold growth. Control dishes were achieved using the sterile vials with just 5 ml of solid Rose-Bengal Chloranphenicol Agar inside. All the samples, for microbiological analysis, CG-MS-SPME and EN were prepared the first day of the analysis, taking this day as zero-time. Once prepared, all the samples were stored and incubated under the same conditions during all the duration of analysis, namely 28ºC for a total of 7 days. During the 7 days of the experiment, analysis where done at zero-time, inoculation day, at T3 (3 days after the inoculation), at T4 (4 days after the inoculation), at T6 (6 days after the inoculation) and at T7 (7 days after the inoculation).
For each day, 10 vial of every type of samples were prepared (Control, Honduras, Indonesia and India): one of each type was used for the GC-MS-SPME analysis, while the other 36 for the EN analysis.
B. Microbiological analysis
1 g of every typology was taken and then mixed using vortex with a known amount of sterile physiological solution. 100µl of the dispersion have been dispersed on Petri dishes with Rose-Bengal Chloramphenicol Agar. The growth was followed during all the duration of analysis.
C. Gas chromatography -mass spectrometry
For each day of analysis the vials were crimped and incubated in an oven thermostatically regulated at 40ºC for 15 minutes, due to create the headspace equilibrium. In order to extract the volatile compound from the samples, a DVB/carboxen/PDMS stable flex (50/30 µm) (Supelco Co.Bellefonte, PA, USA) SPME fiber was used.
To furnish the adsorption of volatile compounds, the SPME fiber was exposed to the headspace of the vials for 15 minutes at room temperature. For the desorption of the compounds, the fiber was placed in the injector of the heated GC for 6 min. The ramping of temperature in the column was performed in the following way: 60°C for 2 min to 100°C at 5 C°/min, followed by a rise from 100°C to 240°C at 5°C/min and then this temperature was kept for 5 min. Chromatographic analysis was accomplished using a HP 6890 series GC system, 5973 mass selective detector with a DB-WAX capillary column.
The injection was verified in splitless mode at 240ºC using helium as gas carrier with a setting flow of 1.5 ml/min. Controls dishes were achieved using the sterile vials with just 5 ml of solid Rose-Bengal Chloramphenicol Agar inside.
D. Electronic nose
For each day of experiment the vials were placed in a them during all the incubation. The sample headspace (4 ml) was then extracted from the vial in static headspace path and injected into the carried flow (speed 4 ml min) through a properly modified gas chromatography injector (kept at 40°C to prevent any condensation). The sensor baseline was performed by using synthetic chromatographic air with a continuous flow rate of 10 ml/min and the recovery time was 28 min. The data analysis was run by means of Principal Component Analysis (PCA), operated with the Nose Pattern Editor software (SACMI Imola scarl, Imola, Italy).
III. RESULTS AND DISCUSSION
A. Microbiological analysis
After 7 days of incubation the differences among the inoculated plates were manifested. Each sample corresponds to one of the 3 different provenances of coffee selected for the experiment. It's perfectly shows the differences in number and typology of colonies between the samples. These results suggest that coffee from different provenances have, qualitative and quantitative difference in indigenous contaminations ( Figure 3 ) 
B. Gas chromatography -mass spectrometry
Results obtained with the GCMS investigation showed to be in perfect correlation with those obtained with the other two techniques. The chromatograms, once compared, clearly indicate differences between the control and the 3 used typologies of coffee. These differences are both quality and quantitative, showing in all cases, except the control, compounds that corresponded with metabolites produced by molds during their growth. In particular, it can be highlighted the formation of carbon dioxide, ethanol and compounds belonging to chemical indole group.
C. Electronic nose
In (Figure 3 and 4) are shown the data corresponding to Honduras and Indonesia typologies respectively, from the day of the sample preparation (T0) to four days later (T4 In the case of Figure 6 , PCA analysis compares T0 to T4 for all three typologies of green coffee beans. It's remarkable that T4 forms a cluster separate from the others. This result is perfectly correlated with the data furnished by microbiological techniques and GC-MS-SPME analysis, that showed highly qualitative and quantitative differences between the samples. In particular for Honduras coffee beans, at the T4 there is more separation in the PCA score plot. This is due to a higher contamination results, also supported by the ones acquired of the other techniques used.
IV. CONCLUSION
This work suggests that the electronic nose, once trained, is a potential and useful tool for the early detection of indigenous mold presence in green coffee beans. Sensing technology like EN provides a detection response of contaminations faster than conventional techniques. Early detection of molds in green coffee beans sets the roots to implement the appropriated actions to avoid the presence of mycotoxins in the last stages in the production food chains between contaminated green coffee and the roasted one, measuring the real decrease of contamination after the roasting process. 
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